T he chemical resemblance between amino acids is a major challenge for the fidelity of mRNA translation. The need for a quality-control pathway to distinguish similar amino acids during protein synthesis was already predicted by Linus Pauling (1) in the 1950s before the discovery of the molecular mechanism involved in the process. The article by Hussain et al. (2) in PNAS addresses some aspects of this fundamental problem.
Translation of mRNA into proteins involves two key steps of the decoding process. Aminoacyl tRNA synthetases (aaRSs) first translate the genetic code into amino acids and then attach the correct amino acids to their cognate tRNAs. The charged tRNAs are subsequently brought to the ribosomes and positioned on the mRNA, allowing completion of protein synthesis. The aminoacylation reaction itself proceeds in two stages: (i) activation of the amino acid by ATP, leading to synthesis of an amino acid adenylate; and (ii) charging of the amino acid at the CCA end of the cognate tRNA. Two classes of enzymes with distinct active site structures are responsible for the accuracy of the reaction (3).
Editing can occur either before (pretransfer editing) or after (posttransfer editing) a misactivated amino acid is attached to tRNA. The first experimental evidence for these mechanisms as well as their theoretical analysis was established in the 1970s (see ref. 4 for a good review of the problem). The first demonstration of posttransfer editing was provided by Eldred and Schimmel (5) and by Yarus (6) , who found that IleRS and PheRS catalyzed the hydrolysis of misacylated ValtRNA Ile and Ile-tRNA Phe , respectively. Later Fersht demonstrated the existence of pretransfer editing by fast-kinetic studies of IleRS (7). Today approximately half of all aaRSs have been shown to rely on editing to efficiently discriminate cognate from structurally similar noncognate amino acids.
The double sieve model proposed by Fersht and Kaethner (8) rationalized the findings and put forward the concept of separated active and editing sites. The active site is the first "coarse" sieve that attaches cognate, isosteric, and smaller amino acids while excluding larger amino acids. The editing site is the second "fine" sieve that eliminates the noncognate mischarged amino acids through hydrolysis ( Fig. 1) . At first glance the standard interpretation of the model associates the rejection of amino acids with size or hydrophobicity only. It is fair to say that this limitation is not based on enzyme hyperspecificity in the original concept (8) . The first experimental evidence for a separate editing site came from mutation studies on IleRS (9) . At this time the crystal structure of IleRS provided a structural framework for editing by class I enzymes (10) . Later the structural study of LeuRS (11) presented a mechanistic basis for pre-and posttransfer editing. The CP1 domain found in several class I members (i.e., IleRS, ValRS, and LeuRS) is responsible for the posttransfer editing. Its role in preposttransfer editing partitioning has been investigated in LeuRS (12) .
Escherichia coli threonyl-tRNA synthetase (ThrRS) was the first class II enzyme with clear editing capacity to be structurally and functionally characterized (13) . The crystal structure of the ternary complex ThrRS-adenylate-tRNA provided an insight into the first steps of the reaction. An essential zinc atom in the active site participates in the coordination of the cognate substrate and thus chemically discards the isosteric valine (14) . Then the CCA end of tRNA Thr charged with Thr or Ser is switched to the N-terminal editing site in a mode that mirrors the class I model. Subsequently a high-resolution crystal structure analysis allowed dissection of the molecular mechanism of the editing reaction (15) . The study explained the role of the conserved amino acids in the active site and revealed the presence of two essential catalytic water molecules. The bacterial N-terminal N2 domain represents the first characterized editing site in a class II aaRS. The presence of a homologous domain in AlaRS could be inferred from sequence analysis. The domain is conserved among bacterial and eukaryotic cytoplasmic ThrRSs but is absent in most archaeal and mitochondrial systems, where another N-terminal editing domain is often present. The crystal structure of the corresponding domain in Pyrococcus abysii (Pab-NTD) showed its resemblance to a deacylase (16) .
Surprisingly, none of the crystal structures presented to date directly address the problem of cognate substrate binding. This is the main point of interest in the results of Hussain et al. and sheds light on the dynamic aspect of the editing reaction. They show the crystal structure of the editing domain of Pab-NTD, an archeal ThrRS, in complex with the cognate substrate. Binding studies using NMR and isothermal titration calorimetry showed that the affinity of the protein for the noncognate serine analog is only 10-fold better than that of the cognate Thr analog (3.4 μM vs. 36 μM). They could indeed cocrystallize both complexes with only 2:1 and 4:1 excess of noncognate and cognate substrate in the solution. The crystal structure shows that the binding mode of the cognate substrate is similar to that of the mischarged serine. However, small but important conformational changes exclude the catalytic water molecule from the site. In other words, the structure shows that size is not the excluding factor. The substrate can bind but cannot be hydrolyzed. Thus, the nonproductive binding mode reinforces the effect of the weaker affinity, which alone would not be sufficient to explain the total lack of hydrolytic activity. Another point of interest of the structure is the role of the RNA component in the mechanism. Recent theoretical studies on LeuRS support this See companion article on page 22117.
